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medical consortium will be tighter, and hospitals will be better able to meet the actual demands of patients. 
Conclusions

| BACKGROUND
Reform of the Chinese health care system has already entered its most critical stage. Government investment in the health sector is constantly increasing. However, the increase in spending does not seem to work well. 1 The high cost of health care and challenges to accessing medical services have attracted much media attention. This has put pressure on policy makers to develop a plan to solve these problems. 2 As the city at the forefront of expanding its new health care system, Shanghai made many proposals in the latest round of health care system reform. Among these efforts, the "medical consortium" is one of the major tasks of the Shanghai Municipal Health Bureau. [3] [4] [5] [6] The aim of the medical consortium is to alleviate the current contradiction between the short supply of high quality medical resources and the uselessness of general medical resources by establishing vertical integration of medical resources among top hospitals to general hospitals.
The policy of the "medical consortium" was received well and recognized by residents in Shanghai. 7 In this paper, the pediatric medical consortium of Shanghai will serve as an example to introduce the main tasks and groundwork of the Shanghai medical consortium and underscore the exploration of the vertical integration of medical resources.
In 2014, Shanghai had approximately 24 800 000 residents with 3205 pediatricians. There are 1.45 pediatricians per 1000 child residents aged 0 to 14 years old. During 2014, all hospitals in Shanghai received 231 719 child inpatients, and the average hospital stay was 7 days. Among these child inpatients, almost 47% came from Shanghai, and others came from other provinces. More specifically, among all these child inpatients, over half of them were hospitalized in four hospitals. These four hospitals are all teaching hospitals with high-level quality health services.
( Figure 1 shows the hospital composition ratio of child inpatients).
In reality, a problem of significant concern regarding pediatric health services in Shanghai was the poor accessibility to high-quality pediatric health services. In addition, the large difference in quality of pediatric medical services among the four top hospitals and other general hospitals led to child inpatients preferring the hospitals with higherquality services. In summary, all these factors resulted in the excessive demand for advanced medical services and basic health care services, while the general hospitals received few child inpatients. To solve this problem, the government of Shanghai implemented a series of policies. Regarding this situation, the government continues to invest in the development of clinical pediatrics. What is more, the project of the "pediatric medical consortium" has drawn attention to the need to improve the efficiency of providing pediatric health services to residents. The "pediatric medical consortium" operates similarly to a top pediatric hospital allied with many general hospitals to deliver high-quality medical technology to the allied general hospitals. This helps improve the medical skills of staff at the general hospitals and transfers patients without serious diseases from the top hospitals to general hospitals in an orderly fashion in the name of the consortium.
However, in practice, two questions arise when implementing the medical consortium. One question is as follows: which hospital is eligible to be the leading hospital to help other allied hospitals? The other question is as follows: of all leading hospitals, with which leading hospital should a general hospital choose to affiliate? Only when the two questions are answered can the policy plan of the "regional medical consortium" be practical. The first question is easy to answer. According to the choices of actual child inpatients, there are four obviously outstanding hospital that are the most attractive for receiving pediatric health services. Therefore, considering the actual market competitiveness according to child inpatients, these four hospitals are qualified to be leading hospitals in the pediatric medical consortium. Then, the second question arises. However, there is no ready-made method to indicate which hospitals should partner together as a medical consortium. The common approach is experience-based judgment. Therefore, in this paper, we aim to establish a geographic method to illustrate existing natural relations based on actual healthseeking behaviors regarding the top hospitals and general hospitals, which can help general hospitals choose the rational medical consortium.
In the health field, a geographic information system (GIS) is mainly used to epidemiologically assess the distribution and determinants of health and disease in groups. 8, 9 Recently, more attention has been given to GIS for public health management to estimate spatial accessibility of health services, 10-13 research geographical and spatial patterns of health service institutions, and plan the location of a new facility, 14 among other uses. 15, 16 With the help of the powerful abilities of GIS in spatial data analysis, this paper focuses on proposing a method for building geographical connections between allied hospitals by delimitating the spheres of influence of leading hospitals. 
| Data collection and map preparation
Administration boundary data, population distribution data, and inpatient distribution data were needed for delimitating spheres of influence.
| Administrative boundary data
Shanghai is currently divided into 16 districts and one county (Chongming). Among these districts, Jingan, Xuhui, Yangpu, Huangpu, Hongkou, Zhabei, Putuo, and Changning are located in the central city. Specifically, these districts and the county are separated into 212 communities and 5974 sub-districts. The source for this study consisted of administrative boundary data collected by the Urban Planning Bureau of Shanghai in 2011. 
| Population data
Shanghai, a large city in China, has an approximate population of 25 000 000 people living within a 7200 square kilometer area. The addresses of 5974 sub-district committees were used along with population data for each sub-district to simulate the population distribution of Shanghai in ArcGIS 10.0. This study used population data from 2014, which were collected by the Public Security Bureau of Shanghai.
| Inpatient distribution data
Shanghai has approximately 5484 health institutions. Among them, there are 393 hospitals accepting inpatients. The inpatient data from each hospital were collected by the Health Bureau of Shanghai in 2014.
In this paper, we focused on pediatric inpatients in Shanghai. By considering the actual market competitiveness of hospitals (Figure 1 ), hospital A, hospital B, hospital C, and hospital D qualified to be the leading hospitals for the pediatric medical consortium. Table 1 lists basic information about these four hospitals from 2014. Figures 2-5 show the spatial distribution of child inpatients at these four hospitals.
| Analysis of hospitalization probability
As was well-known, each hospital had its own inpatient distribution. Together with population distribution data, the hospital probability (the number of child inpatients per 1000 residents) of each hospital was able to be calculated. Here, we summarize the main steps in performing this calculation. hospitalization probability in each cube, a continuous probability surface was simulated using the inverse distance weighting method. Figures 6-9 show the continuous hospitalization probability surface of the four leading hospitals.
| Define the boundaries of the sphere of influence of the top hospital for the pediatric medical consortium
Similar to market-oriented enterprises, hospitals compete with each other to seize the market share of patients. With growing competition between hospitals, it is meaningful to acknowledge where the sphere of influence is located for a hospital. As shown in Figures 6-9 , the continuous hospitalization probability surface of each of these four leading hospitals has its own geographic characteristics, which illustrates how different hospitals appeal differently to every resident. How can we determine the most attractive hospital in every location? How can we identify the spheres of influence for these four hospitals? Here, we introduce the operational steps applied to delimit the spheres of influence of the leading hospital. (1) Shanghai was divided into 500 m × 500 m cubes, and the centroid of each small cube was identified as the probability observation site. (2) The hospitalization probability of four leading pediatric hospitals was overlaid in the probability observation site, and every value of hospitalization probability was delivered to the observation site with the "Spatial Join" toolbox in ArcGIS10.0. In this way, every probability observation site had four hospitalization probabilities, with one per hospital. (3) The highest probability for every probability observation site of all four hospitals was extracted, and the highest hospitalization probability was applied to the small cube where the observation site lie. (4) Finally, the sphere of influence was formed by assigning each cube to the sphere of influence of the hospital that was visited with the highest probability. All these calculations were performed using ArcGIS10.0 and SAS 9.2. Figure 10 shows the resulting spheres of influence for each leading hospital in the pediatric medical consortium.
| RESULTS
Following the method mentioned above, the spheres of influence of each hospital were able to be delimited. According to the constitution ratio of child inpatients, we selected four hospitals as the leading pediatric hospitals. Then, according to health-seeking data, we defined the spheres of influence of the leading pediatric hospitals in competition. As a result, Shanghai was delimited into four parts. Each part represents the sphere of influence of one leading pediatric hospital. This means that the sphere of influence of each hospital is composed of residents who are more likely to patronize that hospital than the other three hospitals. Therefore, it is better for general hospitals to choose the leading hospital whose sphere of influence contains the area where the general hospital is located. Thus, general hospitals are more able to receive patients transferred from leading hospitals because patients prioritized the leading hospitals prior to the existence of the medical consortium.
As the results (Figure 10 In summary, the actual spheres of influence of the four leading hospitals specialized in pediatrics for the pediatric medical consortium are delimited by analyzing spatial distribution data of inpatients using GIS. Thus, a geographical connection is created between the leading hospitals and the general hospitals, which can serve as a reference when forming the medical consortium.
| CONCLUSIONS
This paper focuses on proposing a method to build connections between hospitals to advance the medical consortium project by defining the connections in the alliance. Based on this paper, the pediatric medical consortium of Shanghai will serve as an example when introducing the main tasks and groundwork of the Shanghai medical consortium, and it will underscore Shanghai's exploration in the vertical integration of medical resources. In this paper, we introduce a geographic method to delimit the spheres of influence of hospitals based on the actual health-seeking behaviors of patients by analyzing the spatial distribution of hospitalization probability. Within the boundaries of the spheres of influence, a geographic connection between leading hospitals and general hospitals is established. Based on this geographic connection, a leading hospital will provide technological support to a general hospital located in its sphere of influence. In this way, the medical consortium can be formed geographically and put into practice.
As the results show, Shanghai is delimited into four parts according to the four hospitals that specialize in pediatrics. Each hospital has its own sphere of influence. Here, we take hospital A as an example to introduce how the pediatric medical consortium works after delimiting the sphere of influence of hospital A. The purpose of the medical consortium is to improve the utilization efficiency of health care services through integrating medical resources vertically. In the sphere of influence of hospital A, we find a geographic way to connect hospitals as part of the medical consortium. Hospitals providing the same health services accept technological support from hospital A, and hospital A is responsible for the pediatric health services in the medical consortium. Consequently, with guidance from hospital A, overall health services in pediatrics improve. Furthermore, patients in the sphere of influence will choose general hospitals and receive high-level pediatric medical health services at the same time, which will help resolve the excessive demand for advanced medical services from hospital A and basic health care services from other hospitals.
The method of delimiting spheres of influence as geographic connections between hospitals for the medical consortium has been regarded by the Health Bureau of Shanghai in Shanghai's regional health planning of pediatrics (2015-2020) as being an important measure to promote development and increase the utilization efficiency of pediatric health care services in Shanghai.
| DISCUSSION
A "medical consortium" is not a new concept in the health field in China or in other countries. Within China, various types of medical consortia have been launched with different objectives. 17, 18 Some medical consortia serve special groups of patients, 19 and some of them are established for special groups of physicians. 20 Across the world, medical consortia serve an important role in the reform of health care systems. Formal health reliance policies have been written only in policy documents, which has encouraged local health service institutions to cooperate with each other.
The original intention of these policies was to improve the efficiency of providing health care services, but the policies failed to achieve their goal because health institutions do not cooperate in practice and lack the motivation to participate in the alliance.
In this paper, we focus on proposing a method to build geographic connections between allied hospitals by delimitating the spheres of influence of leading hospitals. This method will not change a patient's right to choose health institutions freely, and it will not change the behavior of visiting doctors. Instead, it will help relieve crowded conditions in the top hospitals because this method is based on the actual spatial distribution of inpatients. In this way, it considers the acceptability and the feasibility of the regional medical consortium.
Compared with former forms of medical consortia, the advantage of the pediatric medical consortium is that it proposes a practical, geographic way for health institutions to work together in a sphere of influence as part of a medical consortium.
It is evident that the GIS-based method to delimitate spheres of influence can be applied not only to a medical consortium such as the pediatric medical consortium in this paper but can also play other roles. For example, while researching the sphere of influence of a hospital, [21] [22] [23] the GIS-based method mentioned in this paper provides another way to define the sphere of influence of the hospital, which is helpful in hospital management.
The limitations of the GIS-based method in delimitating spheres of influence in this paper are as follows: (1) all calculations in this paper are based on 2014 data. Therefore, the spheres of influence are based on the current status of competition, but competition between hospitals can change in the long term. Thus, the spheres of influence delimited using these methods are more suitable for application in analyses of the present situation or in short-range health planning. (2) As is known, health care services include not only inpatient health care services but also outpatient health care services. Theoretically speaking, both outpatient and inpatient data should be collected to analyze the sphere of influence of each hospital. Because the amount of inpatient data was large enough to produce a significant result and the difficulty of collecting outpatient data, this paper only uses inpatient data to delimit the hospitals' spheres of influence.
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